Background: Adiponectin is an abundantly expressed adipocyte-specific protein, whose level is decreased in obesity, and which appears to be a key participant in developing inflammation, insulin resistance and metabolic syndrome (MetS). We examined whether the relationship between adiponectin and inflammatory markers, insulin resistance and MetS was independent of obesity.
The metabolic syndrome (MetS) is a clustering of obesityrelated disorders in an individual that includes visceral adiposity, insulin resistance, dyslipidemia and hypertension, and is a strong determinant of type 2 diabetes and cardiovascular disease. 1 The global obesity pandemic is having a major impact on the incidence of MetS and cardiovascular disease. 2 It is also recognized that obesity has a strong inflammatory component, which may contribute to developing MetS and vascular disease. 3 A fundamental change has been the recognition of adipose tissue as an active endocrine organ, which produces a host of bioactive molecules, known as adipokines, which may mediate the systemic effects of obesity on health. Some examples of these adipokines include tumour necrosis factora (TNF-a), interleukin-6 (IL-6), interleukin-18 (IL-18), leptin and adiponectin. 3, 4 Adiponectin, also called AdipoQ and Acrp30, is a cytokine that is exclusively and abundantly produced by adipocytes. 5, 6 Unlike most other adipocytederived hormones, circulating adiponectin levels are decreased in obesity. 6, 7 Adiponectin increases fatty acid oxidation and directly sensitizes the body to insulin. 8, 9 Adiponectin also reverses insulin resistance in animal models of obesity and diabetes. 9, 10 In humans, hypoadiponectinemia has been associated with insulin resistance, [11] [12] [13] and longitudinally with an increased risk of type 2 diabetes. 14, 15 Adiponectin also appears to have novel anti-inflammatory actions. In vitro, adiponectin downregulates inflammatory responses of endothelial cells through nuclear factor-kb signalling pathways, 16, 17 inhibits macrophage functions 18 and also downregulates cytokine secretion from adipocytes. 19 These studies support the key participation of adiponectin in the mechanism of obesity-related inflammation, and metabolic and vascular disease, and hence adiponectin may be a novel therapeutic target. 4, 20 However, since obesity per se is associated with hypoadiponectinemia, it is important to determine whether adiponectin associates with inflammation, insulin resistance and metabolic risk independently of the effects of obesity. Furthermore, populationbased studies that have examined the association of plasma adiponectin with prevalent MetS have often not or only partially adjusted for these confounding associations.
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We have previously reported that elevated levels of IL-18, a proinflammatory cytokine, are independently associated with MetS in a healthy general population. 25 In the present study, we examined for an independent (additive) association of adiponectin with inflammatory markers, insulin resistance and prevalent MetS in the same population.
Methods

Study population
The selection criteria and study design of the communitybased Carotid Ultrasound Disease Assessment Study have been detailed previously. 26, 27 In brief, this was a random electoral roll sample of 1111 predominantly Caucasian subjects aged 27-77, mean 53 years, from Perth, Western Australia, who were assessed for cardiovascular risk factors and had carotid B-mode ultrasound performed. The numbers of subjects were equally distributed between sexes and across each age decile. This present study sample was confined to the 1094 subjects (547 women, 547 men) who had a fasting plasma adiponectin concentration measured. Subjects also had available measurements of fasting serum glucose (n ¼ 1092), insulin (n ¼ 1088), high-sensitive C-reactive protein (hsCRP) (n ¼ 1059), IL-6 (n ¼ 1019) and IL-18 (n ¼ 1025 28 This was defined as central obesity, measured by ethnicspecific waist circumferences, plus any two of the following: hypertriglyceridaemia, low HDL cholesterol, high-blood pressure and raised fasting glucose, the cutpoints for which were the same as the ATPIII criteria except for fasting glucose which used a lower cutpoint of X100 mg per 100 ml (5.6 mmol l
À1
). We used the Europid waist circumference cutoffs (X94 cm in men, X80 cm in women) to define central obesity, as this was a predominantly Caucasian population.
The total number of separate MetS components defined by ATPIII or IDF criteria, from 0 to 5, was also determined for each person. The insulin resistance index was assessed by the homoeostasis model assessment score (HOMA-IR), calculated as the product of the fasting serum glucose in mmol l À1 and fasting insulin level in milliunit per litre, divided by 22.5.
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Biochemical analysis A fasting blood sample was obtained from each subject. Plasma adiponectin levels were measured by a commercially available quantitative sandwich enzyme immunoassay technique (R&D Systems Inc., Minneapolis, Minnesota, USA). The intra-assay coefficients of variation (CVs) ranged from 3.6 to 5.8% and the inter-assay CVs ranged from 7.0 to 8.5%. Serum hsCRP was measured by a microparticle turbidity assay with a range of 0.1-21.0 mg l
À1
. 27 Serum IL-6 was measured using an enzyme-linked immunosorbent assay (ELISA) (Quantikine HS, R&D Systems) with an assay range of 0.38-10.0 ng l
. 27 Serum IL-18 was measured by a commercially available ELISA method (MBL Co. Ltd., Nagoya, Japan). 25 Insulin was measured as milliunit per litre on a Tosoh A1A-600 immunoassay analyser using a two-site immunoenzymometric assay. 25 Total cholesterol, HDL cholesterol and triglyceride levels were determined enzymatically with a Hitachi 747 autoanalyser. White cell count (WCC) was measured by a Coulter counter.
Statistical analysis
The following positively skewed variables, adiponectin, glucose, insulin, HOMA-IR, hsCRP, IL-6 and IL-18 were log-transformed for analysis. Log mean values were transformed back and presented as geometric means. Means with s.e.m. or 95% confidence intervals (CIs) were provided for Adiponectin, inflammation and metabolic risk J Hung et al each continuous variable. Continuous variables were compared by paired t-test for paired samples and analysis of variance for more than two groups. Categorical variables were compared by w 2 -test. Linear regression analysis was used to determine independent correlates of the individual inflammatory markers and log HOMA-IR score. Stepwise variable selection procedures were used to determine a subset of independent predictors for each primary outcome, with age and sex always included as covariates. Apart from age and sex, waist-hip ratio, log HOMA-IR and smoking were the principal explanatory variables for inflammatory markers; BMI, ATPIII-MetS component score and WCC were the explanatory variables for log HOMA-IR; and BMI, log insulin and log IL-18 or WCC were selected as covariates for MetS classification. The association of adiponectin with the primary outcome was tested after adjustment for the above covariates as stated in Results. Stepwise logistic regression analysis was used to determine independent associates of ATPIII-MetS and IDF-MetS, and calculate odds ratio (OR) and 95% CI for each risk variable. Adiponectin was entered into the logistic model as sex-specific quartile groups. We used a BMI425 kg m
À2
to stratify the subgroup who were overweight or obese. SPSS version 10.1 for windows was used in analysis. Statistical significance was taken as Po0.05.
Results
Clinical and metabolic characteristics according to sex-specific quartiles of plasma adiponectin Women had higher plasma adiponectin levels than men (geometric mean 13.7 vs 7.9 mg l À1 , Po0.001). Hence, subjects were stratified by sex-specific adiponectin quartiles in Table 1 . The cutpoints for plasma adiponectin quartiles in females were o9.7, 9.7-13.8, 13.9-20.0 and 420.0 mg l À1 ; in males, cutpoints were o5.4, 5.4-7.9, 8.0-11.4 and 411.4 mg l À1 . Continuous variables were also age-adjusted since mean age increased across sex-specific adiponectin quartiles (Po0.001). Age-adjusted BMI, waist circumference, waist-hip ratio, diastolic blood pressure, triglycerides, glucose, insulin and HOMA-IR score were inversely correlated with sex-specific adiponectin quartiles (all Po0.005), while HDL cholesterol had a strong positive association (Po0.001) ( Table 1) . Systolic blood pressure, smoking and The cutpoints for plasma adiponectin quartiles were o9.7, 9.7-13. The results for continuous variables are age-adjusted means or geometric means with 95% confidence intervals.
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In age-and sex-adjusted regression analysis, both waist-hip ratio (b ¼ À4.55, Po0.001) and BMI (b ¼ À0.11, P ¼ 0.002) were significant associates of log plasma adiponectin level. Figure 1 shows that increasing tertile levels of waist-hip ratio and BMI had additive negative effects on ageadjusted plasma adiponectin levels (P ¼ 0.017 for waist-hip ratio-BMI interaction). Women in the lowest compared to highest tertile groups of waist-hip ratio and BMI had E80% higher age-adjusted geometric mean adiponectin level (Po0.001), and men had E48% higher adiponectin level (Po0.001) (Figure 1 ).
Inflammatory markers according to level of plasma adiponectin Table 1 shows that age-adjusted levels of inflammatory markers, hsCRP, IL-6, IL-18, fibrinogen and WCC, declined progressively across sex-specific adiponectin quartiles (all Po0.001). Log plasma adiponectin was a significant inverse associate of the levels of all inflammatory markers after adjustment for age, sex and waist-hip ratio (Table 2) . Adiponectin remained an independent associate of hsCRP, IL-6, fibrinogen and WCC, but not IL-18, after additional adjustment for log HOMA-IR score and smoking (Table 2) .
Plasma adiponectin and HOMA-IR Log plasma adiponectin was an independent associate of log HOMA-IR score (b ¼ À0.19, Po0.001) after adjusting for sex, Abbreviations: b, standardized b-regression coefficient; hsCRP, high-sensitive C-reactive protein; s.e., standard error; T, the estimated coefficient, divided by its own standard error; WCC, white cell count. The dependent variable in each case is the inflammatory marker with log plasma adiponectin entered as an explanatory covariate in the linear regression analysis after adjustment for age, sex and waist-hip ratio (Model 1), and adjustment for age, sex, waist-hip ratio, log HOMA-IR and smoking pack-years (Model 2). T-values below À2 or above 2 are considered as useful predictors in the model. (Table 3 ). The full model accounted for E42% of the total variance of HOMA-IR score. When subjects were stratified by BMI level, adiponectin remained an independent associate of log HOMA-IR in the 442 subjects with normal BMI (b ¼ À0.23, Po0.001) and 577 subjects with increased BMI (b ¼ À0.15, Po0.001).
Plasma adiponectin and metabolic syndrome MetS by ATPIII and IDF criteria was present in 208 (19.0%) and 297 (27.1%), respectively, of the whole population. The lower prevalence of ATPIII-MetS than IDF-MetS was due to the higher cutpoints used by ATPIII to define central obesity and hyperglycaemia. The proportion of subjects with ATPIIIMetS or IDF-MetS declined across sex-specific adiponectin quartiles (both Po0.001) ( Table 1 ). There was also a higher prevalence of diabetes history in the bottom sex-specific adiponectin quartile group compared to the other groups (9.6 vs 3.8%, P ¼ 0.002) ( Table 1 ). Figure 2 shows that age-and sex-adjusted geometric mean adiponectin levels were inversely related to the number of ATPIII-MetS components in subgroups below and above a BMI of 25 kg m À2 (both trend Po0.001). Individuals with compared to those without ATPIII-MetS had a geometric mean (age-and sex adjusted) adiponectin level of 7.5 vs 11.2 There were no patients in the normal BMI subgroup with more than four metabolic components. See Methods for detailed description of criteria for metabolic syndrome components. , respectively (Po0.001). In the model without adiponectin, logistic regression analysis identified age, sex, BMI, log insulin and log IL-18 as independent associates of ATPIII-MetS, and age, sex, BMI, log insulin and WCC as associates of IDF-MetS. After adjusting for these covariates, sex-specific plasma adiponectin quartiles significantly added to the prediction for MetS. Figure 3 illustrates that the adjusted ORs for MetS declined across increasing sex-specific plasma adiponectin quartiles. Individuals in the top compared to bottom quartile had an adjusted OR of 0.21 (95% CI, 0.11-0.42; Po0.001) for ATPIII-MetS, and OR of 0.46 (95% CI, 0.26-0.80; P ¼ 0.007) for IDF-MetS (Figures 3a and b) . When stratified by BMI, subjects in the top compared to bottom adiponectin quartile had a reduced (adjusted) likelihood of ATPIII-MetS, with a similar OR in lean (OR 0.10, 95% CI, 0.08-0.46, P ¼ 0.009) as compared with overweight/obese subjects (OR 0.23, 95% CI, 0.12-0.26, Po0.001) (Figures 3c and d) .
Discussion
This was a large population-based study of men and women, across a wide age span, encompassing a broad range of adiposity and HOMA-IR scores. This was a generally healthy population with a low prevalence of diabetes and clinical vascular disease, hence reducing the likelihood of reverse causation. The major findings of the study were as follows: (1) plasma adiponectin concentrations were inversely related to many circulating inflammatory markers, independent of obesity and insulin resistance; (2) plasma adiponectin levels were inversely associated with insulin resistance scores independent of obesity and (3) higher circulating adiponectin concentrations were associated with a reduced prevalence of MetS, and the relationship was independent of the level of obesity, insulin resistance and inflammatory markers.
Our data confirm that gender and visceral obesity are major determinants of plasma adiponectin concentrations. [5] [6] [7] 30 Higher levels of BMI and waist-hip ratio, reflecting total and visceral adiposity, were associated with an additive fall in plasma adiponectin concentrations ( Figure 1 ). In accordance, adiponectin mRNA levels have been found to be lower in adipose tissue from obese as compared to those in lean subjects, and lower in visceral vs subcutaneous adipose tissue. 6, 31 Men had considerably lower plasma adiponectin levels than women, concordant with previous studies. 7, 30 This may partly relate to inhibitory effects of androgens on adiponectin levels. 32 There is evidence for the participation of adipokines such as TNF-a, IL-6 and IL-18 in the development of a systemic inflammatory state that contributes to MetS. 3, 25 In contrast to other adipokines, adiponectin appears to have antiinflammatory actions. [16] [17] [18] [19] In accordance, we observed a significant inverse association of circulating adiponectin with the inflammatory markers, hsCRP, IL-6, fibrinogen and WCC, after adjustment for significant covariates (Table 2) . Previous studies have been inconsistent, with some reporting an association of circulating adiponectin with inflammatory markers, 24, 33, 34 while other studies have not found a significant association. 35, 36 Some of these discrepancies may be explained by the different characteristics of the study populations regarding age, sex, smoking and levels of obesity and insulin resistance. In the present study, we have adjusted for these confounders, and confirmed an independent association of circulating adiponectin with a range of systemic inflammatory markers. We also found a strong association between circulating adiponectin and MetS components in accordance with the insulin-sensitizing actions of adiponectin, and its participation in glucose and lipid metabolism. [8] [9] [10] Our results confirm previous findings across diverse ethnic groups. 11, 12, 22, 24, 30 Plasma adiponectin level was also strongly associated with the homoeostasis model assessment of insulin resistance, again supported by other population-based studies.
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Abbasi et al. 37 provided initial evidence of a relationship between adiponectin concentrations and insulin resistance independent of obesity in a study of 60 nondiabetic subjects. We confirmed this important finding in a large communitybased study showing that plasma adiponectin remained a strong inverse associate of HOMA-IR score after adjusting for obesity and other major covariates (Table 3) . Plasma adiponectin remained inversely associated with HOMA-IR score in subjects with a normal BMI, further indicating that the association of circulating adiponectin with insulin sensitivity is regardless of obesity.
Although it is widely believed that adiponectin is a key participant in developing MetS, there are few comprehensive general population-based studies. 4, 20 Choi et al. 21 in a prospective study of 372 elderly Koreans found adiponectin levels to be strongly associated with developing diabetes and MetS. Mohan et al. 22 in a small case-control study of Asian Indians showed that lower adiponectin levels were associated with prevalent MetS. Matsushita et al. 23 performed a cross-sectional study of 624 Japanese middle-aged men and found that adiponectin level was a more significant predictor than TNFa, IL-6 or CRP for prevalent MetS, although age and smoking were the only covariates adjusted for in their analysis. However, Wannamethee et al. 24 in the British Regional Heart Study of 3640 nondiabetic men aged 60-79 years did adjust for BMI among other covariates and found that the likelihood of MetS decreased significantly with increasing adiponectin. Nevertheless, measures of insulin resistance and inflammation were not included as covariates in the model.
ATPIII-MetS in this population. 25 We have now extended our findings to plasma adiponectin, the circulating level of which was additionally associated with prevalent MetS, such that persons with adiponectin concentrations in the top compared to bottom sex-specific quartile had a E80% (adjusted) odds reduction of ATPIII-MetS and E50% odds reduction of IDF-MetS. Adiponectin was as strongly related to prevalent MetS in persons who were lean as compared to those who were obese (Figure 3c ), indicating again that the association is independent of adiposity. Irrespective of causality, we have demonstrated plasma adiponectin to be a very strong risk marker for MetS in the general population, which is independent of measures of adiposity, insulin resistance and inflammatory markers. We acknowledge some study limitations. In a crosssectional study, causality cannot be proven, and prospective studies would be helpful to confirm our findings. Diabetic subjects were not excluded because of small numbers and their exclusion would not have materially affected the results. In humans, adiponectin circulates as different molecular weight complexes, and it appears that it is the high molecular weight (HMW) isoforms that are more relevant in the prediction of insulin resistance. 4, 20 Although a high correlation between HMW and total adiponectin has been demonstrated, future studies which can assess the HMW-to-total adiponectin ratio may be more informative. 4, 20 In summary, our findings suggest that higher adiponectin levels may mitigate against adipose-related inflammation, insulin resistance and metabolic disorders as much in lean as in obese individuals. Interventions that enhance adiponectin secretion or action may therefore have potential for treatment of metabolic and vascular disease, although the clinical evidence for adiponectin being protective against cardiovascular disease is conflicting. 38 At any rate circulating adiponectin level is a strong risk marker for MetS independent of measures of adiposity.
